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DESCRIPTION 

FIBER REINFORCED RESIN COMPOSITION FOR PARTS OF 
INTAKE SYSTEM ON INTERNAL COMBUSTION ENGINE 

Technical Field 
[0001] 

The present invention relates to a fiber reinforced resin 
composition for parts of intake system on the internal 
combustion engine. 

Background Art 
[0002] 

In the intake system of the internal combustion engine, 
provided are an air duct constituting an intake channel of 
the internal combustion engine, a resonater or a side branch 
which is provided in the intake channel of the internal 
combustion engine and functions for reducing intake noise, 
and an air cleaner Which collects dusts in the intake channel 
of the internal combustion engine. 
[0003] 

When the internal combustion engine is run and thus air 
is led into the internal combustion, an intake noise may be 
caused by the intake system's parts. In order to reduce the 
intake noise , a technique of enhancing the f lexural elasticity 
modulus of the parts and thickening the thickness of the parts 
has been adapted conventionally. For example, to use a resin 
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composition which is composed of polypropylene resin and talc 
as a stiffness reinforcing material blended at about 40 % by 
weight of the composition, and to enhance the thickness of 
the parts have been adapted as the technique. However, such 
5 a technique is obliged to be accompanied with a problem of 
weight increase in the parts . 

Disclosure of the Invention 
Problems to be Solved by the Invention 
10 [0004] 

Frequency range of the intake noise for the internal 
combustion engine is, for example, about 100 - 400 Hz and it 
is relatively low. We, the inventors, forcussed attention 
on the point that the frequency range of intake noise for the 

15 internal combustion engine is low. Then, the inventors have 
been found that the resonance frequency of the intake system' s 
parts can be shifted to a high frequency by enhancing the 
flexural elasticity modulus of the intake system's parts and 
reducing specific gravity of the parts. By shifting the 

20 resonance frequency of the intake system's parts to a high 
frequency, it. is possible to make the resonance frequency of 
the intake system's parts far away from the frequency range 
of intake noise. Thereby, the reduction of the intake noise 
of the low frequency range at the intake, system * s parts can 

25 be attained. 
[0005] 
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Therefore, the present invention aims to provide a 
composition for intake system ' s parts, which is capable of 
enhancing the flexural elasticity modulus of the intake 
system* s parts and reducing the specific gravity of the parts . 

5 

Means for Solving the Problems 
[0006] 

For solving the above mentioned problems, an invention 
claimed in claim 1 is characterized in that the composition 

10 comprises a block polypropylene type resin which has a MFR 
in the range of 40 - 70 g / 10 minutes (at 230 ''C and under 
a load of 2.16 kg) and which is in the range of 60 - 80 % by 
weight of the composition, and glass fibers and mica the total 
of which are in the range of 20 - 40 % by weight of the composition . 

15 [0007] 

Further, an invention claimed in claim 2 is characterized 
in that the composition comprises a block polypropylene type 
^ resin which has a MFR in the range of 40 - 70 g / 10 minutes 
(at 230 °C and under a load of 2.16 kg) and which is in the 

20 range of 58 - 78 % by weight of the composition , an acid modified 
polyprene /"sicj type resin which is in the range of 1 - 2 % 
by weight of the composition, and glass fibers and mica the 
total of which are in the range of 20 - 40 % by weight of the 
composition. 

25 [0008] 

The intake system's parts according to the present 
invention is any one of an air duct constituting an intake 
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channel of the internal combustion engine, a resonater or a 
side branch which is provided in the intake channel of the 
internal combustion engine and functions for reducing intake 
noise, and an air cleaner which collects dusts in the intake 
5 channel of internal combustion engine. 
[000,9] 

An invention claimed in claim 4 is a fiber reinforced 
resin composition for parts of intake system on the internal 
combustion engine which is characterized in that the 
10 composition comprises a block polypropylene type resin which 
has a MFR in the range of 40 - 70 g / 10 minutes (at 230°C 
and under a load of 2.16 kg) and which is in the range of 60 
- 80 % by weight of the composition, and mica which is in the 
range of 20 - 40 % by weight of the composition. 

15 

Effects of the Invention 
[0010] 

According to the present invention, a fiber reinforced 
resin composition for parts of intake system on the internal 

20 combustion engine can be obtained which is able to heighten 
the flexural elasticity modulus of the intake system's parts 
and reduce the specific gravity of the parts. Consequently, 
in the intake system's parts, the intake noise can be reduced 
without suffering from a weight increase. 

25 [0011] 

Moreover, when the composition according to this 
invention is used with the aim of getting the same inertance 
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with that of which the prior resin composition for intake 
system' s parts is used, the producted article can have a lower 
specific gravity and a thinner thickness, and thus realize 
a weight loss. 

5 

Brief Description of the Drawings 
[0012] 

FIG. 1 is a schematic diagram showing an example of a 
pellet manufacturing machine; 

10 FIGs. 2 are graphs showing a relation between specific 

gravity and inertance (FIG. 2-1) , a relation between flexural 
elasticity modulus and inertance (FIG. 2-2) , a relation between 
lOOHz elasticity modulus and inertance (FIG. 2-3) , a relation 
between flexural elasticity modulus / specific gravity and 

15 inertance (FIG. 2-4) , and a relation between lOOHz elasticity 
modulus / specific gravity and inertance (FIG. 2-5) , 
respectively; 

FIGs. 3 are graphs showing a relation between frequency 
and inertance, and a relation between frequency and sound 
20 insulation level, respectively; 

FIGs . 4 are graphs showing relations between frequency and 
inertance, when the thickness of parts were varied as 2mm, 
2 . 5mm , 3 . 0mm , and 4 . 0mm ; and 

FIG. 5 is a graph plotted the relation between thickness 
25 and inertance resonance frequency. 

Best Mode for Carrying Out the Invention 
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. [0013] 

An embodiment of a fiber reinforced resin composition 
for parts of intake system on the internal combustion engine 
of the present invention will be described below. As the part 
5 of the intake system^ any of an air duct constituting an intake 
channel of internal combustion engine, a resonater or a side 
branch which is provided in the intake channel of internal 
combustion engine and functions for reducing intake noise, 
and ah air cleaner which collects dusts in the intake channel 
10 of the internal combustion engine may be used. 
[0014] 

The fiber reinforced resin composition for parts of intake 
system on the internal combustion engine comprises a block 
polypropylene type resin which has a MFR in the range of 40 
15 - 70 g / 10 minutes (at 230''C and under a load of 2.16 kg) 
and which is in the range of 60 - 80 % by weight of the composition , 
and glass fibers and mica the total of which are in the range 
of 20 - 40 % by weight of the composition, 
[0015] 

20 As the type/ of polypropylene to be used, block 

polypropylene that is a polymer of propylene is used. 
[0016] 

MFR (at 230''C and under a load of 2.16 kg) of - the 
polypropylene is preferably 40 - 70 g / 10 minutes, and more 
25 preferably 50 - 60 g / 10 minutes. The MFR values of 
polypropylene used herein are determined in accordance with 
JIS K-7210-1999 and under the conditions that temperature is 
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at 230®C and a load is of 2.16 kg. If the MFR is not more 
than 40 g / 10 minutes, dispersion of glass fibers in a molded 
article may become wrong and the appearance of the article 
may fail. If the MFR is more than 60 g / 10 minutes, there 
5 is some possibility of being worse in impact intensity and 
it is not preferred. 
[0017] 

The polymer of propylene is prepared by a slurry 
polymerization, a vapor phase polymerization, or a liquidphase 

10 bulk polymerization of propylene and so on, with using a 
catalyst for polymerization. As the mode of polymerization 
for preparing propylene polymer, each mode of batch 
polymerization and continuance polymerization can be used. 
The MFR of the polypropylene can be adjusted by multi-stage 

15 polymerization or decomposition of the polymerizing resin. 
[0018] 

It is preferred to blend a block polypropylene type resin 
having a MFR in the range of 40 - 70 g / 10 minutes and a modified 
polypropylene type resin which is modified with an acid such 

20 as maleic acid, when the composition is prepared. The MFR 
of the maleic acid modified polypropylene is preferably in 
the range of 5 - 800 g / 10 minutes. When the MFR is too low, 
inferior dispersion of the resin will be occurred, and when 
the MFR is more than 800 g / 10 minutes, there are some 

25 possibility that the impact intensity of the resin becomes 
low inadequately. It is desirable that crystallization 
temperature (Tc) of the maleic acid modified polypropylene 
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is in the range of 105 - 125 and more preferably, in the 

range of 110 - 120 °C . Further, it is desirable that additional 
volume of the maleic acid is in the range of 0.1 - 10 % by 
weight , and more preferably , in the range of 0.8-8% by weight . 
5 [0019] 

As the glass fiber, any filament like fibers which are 
manufactured by melting and spinning any glass such as E glass 
(Electrical glass) , C glass (Chemical glass) , A glass (Alkaii 
glass) , S glass (High strength glass) , or alkali-proof glass 
10 can be used. 
[0020] 

It is desirable that fiber diameter of the glass fiber 
is in the range of 3 - 30 „m, and more preferably, in the range 
of 8 - 20 „m. When the fiber diameter is too small, the 

15 productivity of the reinforced fibers bundle would be lowered 
since the fibers are easy to break. ^ Further, when pellets 
are manufactured continuously, such a small diameter is not 
preferable because it is necessary to bundle many fibers, the 
work of connecting the fiber bundle is complicated, and the 

20 productivity is decreased. 
[0021] 

Fiber length of the glass fiber in the resin composition 
is preferably in the range of 1.5 - 60 mm. For short fiber 
resin composition, the fiber length is preferably in the range 
25 of 1.5 - 8 mm, and for long fiber resin composition, the fiber 
length is preferably in the range of 12 - 50 mm. 
[0022] 
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As material of glass long fiber, the continuous glass 
fiber bundle is used, and this is commercially available as 
glass roving. Usually, it is preferable that the average fiber 
diameter thereof is in the range of 4-30 „m, the number of 
5 filaments to be bundled is in the range of 400 - 10,000, Tex 
count is in the range of 300 - 20,000 g / km. Further, it 
is especially preferable that the average fiber diameter is 
in the range of 9 - 23 „m, the number of filament to be bundled 
is in the range of 1,000 - 6,000. 
10 [0023] 

Alternatively, as another glass fiber, a glass chopped 
strand can also be used. The glass chopped strand is usually 
3 - 50 mm in length thereof, fiber diameter of it is about 
3-25 „m, preferably 8-14 „m in fiber diameter thereof. 
15 [0024] 

It is preferable that surface treatment (for example, 
silane coupling agent treatment) is performed to the glass 
fiber in order to give or improve an interface adhesive property 
of the surface of the glass fiber to the thermoplastic to be 
20 used. When the reinforced fibers treated in advance such a 
treatment is used, a molded article can be expected with a 
good strength and appearance. 
[0025] 

As the surface treating agent to the glass fiber, any 
25 one selecting adequately from known agents which include the 
so-called silane type coupling agents and titanium type 
coupling agents can be used. As the silane type compounds. 
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amino silane and epoxy silane are used. For example, 
,,-aminopropyl trimethoxysilane , N-„- (aminoethyl) - 
,,-aminopropyl trimethoxysilane, ,,-glycidoxypropyl 
trimetoxysilane , 
5 (3 , 4-epoxycyclohexyl) ethyl trimethoxysilane vinyl 

triethoxysilane , vinyl-tris (beta-methoxyethoxy ) silane, 
,,-methacryloxypropyl trimethoxysilane , 

(2 , 4-epoxycyclohexyl) ethoxymethoxysilane , 
„- (2-aminoethyl) aminopropyl trimethoxysilane, 
10 N-„- (aminoethyl) -,,-aminopropyl trimethoxysilane, and so on 
are included. The amino type silane compounds are especially 
preferable. 
[0026] 

The shape of the resin composition may be any one of powder , 
15 flake and pellet. Specific gravity of the glass fiber resin 
composition is preferably 1.2 or less, and more preferably 
1.15 or less. The glass fibers in the glass fiber resin 
composition is preferably in the range of 5 - 15 % by weight, 
and the mica in it is preferably in the range of 15 - 25 % 
2 0 by weight. 
[0027] 

Moreover, it is desirable that the resin composition 
comprises polypropylene resin and the glass fibers arranged 
mutually in parallel substantially. Further, it is 
25 preferable that the resin composition comprises pellets the 
length of which is substantially equal to the length of glass 
fiber included in. The pellet length of the resin composition 
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ls preferably in the range of 2 - 200 mm. The pellet length 
is preferably in the range of 3 - 100 mm, more preferably in 
the range of 3 - 50 mm, and particularly preferably in the 
range of 6-25 mm. 
5 [0028] - . 

Next, a preparing method of the resin composition is 
explained. At first, resin pellets are prepared. The resin 
pellets can be obtained easily, by directing a roving which 
is made of thousands of the glass fibers into a impregnating 
10 die, impregnating the melting thermoplastic resin between 
filaments equally, and cutting to required length (2-200mm) 
after impregnation. 
[0029] 

FIG. 1 shows an example of the manufacturing machine of 
15 the pellet. For example, a method wherein , while melted resin 
is supplied from an extruder 1 irito the impregnating die 2 
provided at the tip of an extruder 1, the continuous glass 
fiber bundle F is passed through the impregnating die 2, the 
melting resin is impregnated into glass fiber bundle F, and 
20 then , the glass fiber bundle F is pulled out through the nozzle , 
and the glass fiber bundle F is pelletized in length of 2 - 
50 mm, is used. The glass fiber bundle F is pulled out from 
the impregnating die 2 by a pulling out roll 3, and is cooled 
with a cooling machine 4 . The glass fiber impregnating resin 
25 is pelletized by the pelletizer 5 . Respective components are 
mixed together and dispersed in a predetermined ratio using 
a roll mill, a Banbury mixer , a kneader, etc. Alternatively, 
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the components can be also dry blended using a tumbler type 
blender, a henschel mixer, a ribbon mixer, etc. The obtained 
mixture is kneaded with a uniaxial extruder, a biaxial extruder, 
etc., in order to prepare a molding material in pellet form. 
5 [0030] 

To the pellet, it is possible to add various kinds of 
additive agents as necessitated by use. For example, various 
modifiers such as dispersing agents, lubricants, plasticizers, 
flame retarderants, antioxidants (phenol type antioxidants, 

10 phospho-antioxidants /"sic; , sulfur type antioxidants), 
antistatic agents, photostabilizers, ultraviolet ray 
absorbents, crystallization accelerators (nucleus increasing 
agents), foaming agents, cross-linking agents, and 
antimicrobial agents, and so on; various coloring agents 

15 including pigments and dyes, such as carbon black, titanium 
oxide, iron oxide red, azo pigments, anthraquinone pigments, 
and phthalocyanine, and so on are included as the additive 
agents. These additive agents can be added into pellet at 
the time of the pellets' preparation in order to be included 

20 in the preparing pellets. Alternatively, these additive 
agents may be added at the time of molded article manufacturing 
from the pellets. 
[0031] 

This pellet, mica, and block polypropylene type resin 
25 ' having a MFR in the range of 40 - 70 g / 10 minutes are mixed, 
and then molded in order to obtain the molded article. 
[0032] 
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As the molding or forming method in order to obtain the 
molded article, any known molded method can be' utilized 
unrestrictedly in any way , such as an in j ection molding method , 
an extrusionmoldingmethod , a blowmoldingmethod , compression 
5 molding method , an in j ection-compression-molding method, gas 
infusing inj ection molding , or foaming inj ection molding , and 
so on. The inj ection molding method, the compression molding 
method, and the injection-compression-molding method are 
especially preferable. 

10 

Examples 
[0033] 

The fiber reinforced resin composition was prepared using 
the pellet manufacturing machine in FIG. 1. 
15 [0034] 

Manufacturing conditions 

Die: It was attached at the tip of an extruder of diameter 
50mm, and four rods were arranged as a straight line in the 
impregnating section. 
20 Fiber diameter: Glass roving was used which was bundled 170 
glass fibers each having 16 „m in fiber diameter, the glass 
fibers being surface-treated in advance with amino silane. 
Preheating temperature: 200 °C. 

Thermoplastic resin : block polypropylene of MFR50 + carboxylic 
25 acid modified polypropylene. 
Melting temperature: 290 °C. 

Rods: four rods, each having 6mm (diameter ) x 3mm(length). 
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Under the above-mentioned conditions , while amount of the fiber 
bundle was regulated with tension rolls, the glass roving was 
provided into the die in order to subject it to impregnation. 
Thereafter, it was pulled out from the die, cooled, and 
5 palletized in order to prepare a resin composition including 
50 wt.% glass fibers. 
[0035] 

The obtained resin composition, mica M/B (mica 40%) and 
the above mentioned block polypropylene were dry blended with 

10 a ratio of resin composition : mica M/B (mica 40%) : block 
polypropylene = 20 : 50 : 30 . Then, the dry blended material was 
molded with an injection molding machine (manufactured by 
TOSHIBA MACHINE CO. , LTD, IS80EPN) in-order to obtain molded 
articles . The manufacturing example was compared with 

15 comparative examples. 
[0036] 

Ingredients for the individual resin compositions of the 
example and the comparative , examples are shown below. 
Example: containing PP used as the base material, plus 10% 
20 long fiber glass fiber, and 20% mica. 

Comparative example 1 : containing PP used as the base material , 
plus 40% long fiber glass fiber. 

Comparative example 2 : containing PP used as the base material 
plus 20% long fiber glass fiber, and 30% talc. 
25 Comparative example 3 : containing PP used as the base material , 
plus 10% long fiber glass fiber, and 20% talc. 
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Comparative example 4: containing Nylon (PA6/PA66) used as 
the base material^ plus 10% long fiber glass fiber, and 10% 
mineral . 

Comparative example 5: containing Nylon (PA6/PA66) used as 
5 the base material, plus 17% long fiber glass fiber, and 21% 
mineral. 

Comparative example 6 : containing PP recycled material used 
as the base material, plus 40% talc. 

Comparative example 7 : containing PP used as the base material , 
10 plus 40% talc. Generally, the composition of this comparative 
example 7 was used conventionally. 
[0037] 

Table 1 shows f lexural elasticity modulus , weight of resin 
composition when molded as a case and a cover for an air cleaner , 

15 and inertance with respect to these example and comparative 
examples. The inertance is the transfer function which is 
acquired by adding a force (F) perpendicularly to wall of the 
intake system, and measuring the acceleration level (a) at 
when the force (F) is added, and deriving from the level (a) . 

20 Consequently, if the inertance level is low, it means that 
the face measured is hard to vibrate. 
[0038] 
[Table 1] 
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Typical value of 
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[0039] 

From Table 1, it is understood that the air cleaner of 
the example according to this invention can reduce the specific 
gravity at about 10% as compared with that of the comparative 
5 example 7 used conventionally , and the inertance of the example 
is also low (that is, it becomes hard to vibrate) . Although 
the lowest inertance is obtained in the case of the comparative 
example 2, the weight reduction effect is not expected 
relatively in this case because the specific gravity of this 

10 case is amply large. 

[0040] ' 

FIGs. 2. show a relation between specific gravity and 
inertance (FIG. 2-1) , a relation between flexural elasticity 
modulus and inertance (FIG. 2-2) , a relation between lOOHz 

15 elasticity modulus and inertance (FIG. 2-3) , a relationbetween 
flexural elasticity modulus / specific gravity and inertance 
(FIG. 2-4) , and a relation between lOOHz elasticity modulus 
/ specific gravity and inertance (FIG. 2-5), respectively, 
with respect to these example and comparative examples . Here , 

20 the flexural elasticity modulus means elasticity modulus when 
sample is bended slowly, and lOOHz elasticity modulus means 
dynamic modulus with frequency of lOOHz. 
[0041] 

There is a correlation between the flexural elasticity 
25 modulus and the inertance as illustrated in the graphs of FIG. 
2-2 and FIG. 2-3. Particularly, the lOOHz dynamic modulus and 
the inertance show a more effective correlation. 
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[0042] 

Regarding the resin composition of the present example, 
since the lOOHz dynamic modulus is high, the inertance can 
be reduced, and more advantageously, as shown in FIG. 2-1, 
5 the specific gravity is low. Conjointly these high flexural 
elasticity modulus and low specific gravity can reduce the 
noise for vibration that is the theme of this embodiment. 
Contrary, in the comparative example 4 and the comparative 
example 5 in which the base material is nylon, although the 
10 flexural elasticity modulus is high, there is a tendency that 
the inertance is also high. For these results, it is hard 
to reduce the noise for vibration. 
[0043] 

InFIGs. 3, the present example and the comparative example 
15 7 are compared with respect to the relation between the 
frequency and the inertance, and the relation between the 
frequency and the sound insulation level. The sound 
insulation level means the sound strength that how much sound 
comes out from an air cleaner when the sound outputs from a 
20 speaker. The lower the sound insulation level becomes, the 
more the sound insulation is performed. From these FIGs . , 
it is found that the inertance and the sound insulation level 
in a low frequency region are low in the example . In addition , 
a thickness is the same between the example and the comparative 
25 example 7, and the weight in the example is low at about 10% 
as compared with that of the comparative example 7. 
[0044] 
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InFIGs. 4, thepresent example and the comparative example 
7 are compared with respect to the relation between the 
frequency and the inertance when varying the thickness as 2mm, 
2.5mm, 3.0mm, and 4.0mm. Frpm these FIGs . , it is found that 
5 the resonance frequency can be heighten and the inertance in 
a low frequency region can be reduced in the present example 
under the condition of the same thickness. 
[0045] 

FIG. . 5 is a graph plotted the relation between the 
10 thickness and the inertance resonance frequency with respect 
to the present example and the comparative example 7 . From 
FIG. 4, when the same resonance frequency is obtained, nearly 
equal inertance levels are performed. The example shows an 
excellent level of the inertance, and when the same inertance 
15 level as the comparative examples is intended by the present 
invention, the board thickness can be reduced from 3mm to 
2 . 66mm . 
[0046] 

In table 2, the values of the specific gravity x the 
20 thickness is compared between the present example of which 
thickness is 2.66mm and the comparative example 7 of which 
thickness is 3mm. When the same inertance level as the 
comparative examples is intended by the present invention,' 
it is possible to obtain the weight loss of at 19.2 % in the 
2 5 present invention because of the reduced specific gravity and 
thin thickness which are functioned conjointly. 
[0047] 
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[Table 2] 
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